There is growing evidence that over consumption of high-fat foods and insulin resistance may alter hippocampaldependent cognitive function. To study the individual contributions of diet and peripheral insulin resistance to learning and memory, we used a transgenic mouse line that overexpresses ecto-nucleotide pyrophosphatase phosphodiesterase-1 in adipocytes, which inhibits the insulin receptor. Here, we demonstrate that a model of peripheral insulin resistance exacerbates high-fat diet induced deficits in performance on the Morris Water Maze task. This finding was then reviewed in the context of the greater literature to explore potential mechanisms including triglyceride storage, adiponectin, lipid composition, insulin signaling, oxidative stress, and hippocampal signaling. Together, these findings further our understanding of the complex relationship among peripheral insulin resistance, diet and memory.
1. Introduction
Importance of work
In humans, cognitive impairment has been shown to be comorbid with obesity and obesity-related complications such as insulin resistance (Elias et al., 2003) . Obesity is driven in part by over-consumption of diet high in fat (Bray et al., 2004 ). Short-term exposure to high-fat diet has been correlated with decreased cognitive performance in humans (Holloway et al., 2011; Edwards et al., 2011; Zhang et al., 2006) . In rodent models, cognitive impairment has been associated with both intake of a high-fat diet and insulin resistance (Bray et al., 2004) . Further elucidating the complex relationship between these factors provides valuable insight into the current obesity epidemic.
Importance of understanding mechanism
Obesity and obesity-related complications, including insulin resistance, diabetes, and metabolic syndrome, are difficult to disentangle in order to investigate downstream effects such as cognition. By studying obesity-related complications individually, it is possible to identify their contributions to cognitive impairment. While all obesity-related complications are key to understanding the relationship between human obesity and cognitive impairment, this review will focus on the interplay between an obesogenic high-fat diet and peripheral insulin resistance with particular emphasis on their impact on learning and memory.
Insulin resistance and ENPP1
Ecto-nucleotide pyrophosphatase phosphodiesterase-1 (ENPP1) is an endogenous transmembrane glycoprotein that inhibits insulin receptor signaling. We created a murine model with adipose tissuespecific over-expression of ENPP1 (AtENPP1-Tg). Adipocyte insulin resistance is characteristic in obese patients who also present with insulin resistance, metabolic syndrome and are at risk for developing diabetes (Maddux et al., 1995; Dong et al., 2005; Frittitta et al., 1997) . The AtENPP1-Tg mouse has been shown to develop systemic insulin resistance independently of obesity and as direct consequence of increased adipocyte insulin resistance (Chandalia et al., 2012; Pan et al., 2011) . Specifically, AtENPP1-Tg mice on 8 weeks of high-fat diet had a higher plasma glucose curve compared to WT mice on a glucose tolerance test and higher glucose on an insulin tolerance test (Pan et al., 2011) . This demonstrates that the adipose tissue specific inhibition of 
